The study evaluated the incidence of and complications associated with the use of an intramedullary nail vs open reduction and internal fixation (ORIF) with a sliding compression hip screw and plate in treating intertrochanteric fractures. The authors hypothesized that the biomechanically stronger and less invasive intramedullary nail would have superior results and fewer complications compared with ORIF. Patients followed for up to 1 year postoperatively were identified from the 5% nationwide sample of Medicare administrative claims data (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) using the corresponding International Classification of Diseases, 9th revision, Clinical Modification, codes 820.21 and 820.31. There were 9157 patients treated with intramedullary nails and 27,687 treated with compression screw and plate fixation. Intertrochanteric hip fractures treated with an intramedullary nail during this period increased from 3.3% to 63.1% compared with ORIF. Patients treated with an intramedullary nail had a higher adjusted risk of pulmonary embolism at 90 days (P=.003) and a higher risk of mortality at 1 year (P<.001) compared with those treated with ORIF. Patients who underwent intramedullary nailing during 2006 to 2007 had a lower adjusted risk of conversion to total hip replacement at 1 year (P=.037) compared with those who had ORIF. Over the decade of the study, intramedullary nail usage increased 59.8% compared with ORIF. Increased use of intramedullary nails compared with ORIF has not shown improved outcomes or decreased complications in patients with intertrochanteric hip fractures. The increased use of intramedullary nails for intertrochanteric hip fractures appears to be multifactorial, including the less invasive nature of the surgery and increased experience with the closed surgical technique. [Orthopedics. 2015; 38(9):e799-e805.] The authors are from the
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n the United States, the annual incidence of hip fracture is approximately 296,000, with roughly half being intertrochanteric fractures. 1 Recent evidence suggested that in spite of an aging population, there is an overall decline in the incidence of hip fractures in the United States. The strongest risk factor for fracture continues to be age, with the most common fracture in the elderly occurring in the trochanteric region. [2] [3] [4] [5] [6] [7] Several interventions contributed to this overall decrease, including the use of bone mineral density screening, calcium and vitamin D supplementation, exercise and mobility programs, and bisphosphonate therapy, particularly in women. [8] [9] [10] [11] Internal fixation is the treatment of choice for intertrochanteric femur fractures. However, nonoperative management may be appropriate in patients who are nonambulatory or who have other serious medical conditions that preclude surgical intervention. 12, 13 Historically, the implant of choice for intertrochanteric femur fractures was the sliding compression hip screw, an extramedullary device. [14] [15] [16] In the early 1990s, the intramedullary nail was introduced as a new fixation device for intertrochanteric hip fracture. This implant offered proposed advantages, including a less invasive surgical approach for placement and improved fracture fixation biomechanics by shortening the lever arm, with improved fracture stabilization. 3, 4, [16] [17] [18] [19] [20] [21] Theoretically, the intramedullary nail technique should provide superior stabilization and allow for earlier postoperative mobility. 3, 14, 19, 20 However, the intramedullary nail technique was associated with a higher rate of perioperative fracture and an increased reoperation rate. 22 The sliding screw plate reduces complications associated with early intramedullary nails, including femoral head penetration, by facilitating controlled collapse of the fracture. 14, 19 Recent studies reported increasing use of intramedullary nails in the treatment of intertrochanteric fractures. The intramedullary nail has surpassed the sliding compression hip screw and become the method of choice, despite the greater incidence of complications and the need for revision associated with its use. [14] [15] [16] 22 More recent studies showed little difference in the rate of perioperative fracture and similar clinical outcomes between these 2 surgical methods. 13, [23] [24] [25] These new findings make it difficult to identify the ideal implant because each device has benefits and risks.
This study evaluated patients with intertrochanteric hip fractures and compared the use of a cephalomedullary nail vs a sliding hip screw in patients from a large database to identify differences in outcomes and complications. The authors' hypothesis was that patients treated with intramedullary nailing would have superior results and fewer complications than those undergoing open reduction and internal fixation (ORIF) with a sliding compression hip screw and plate, corresponding to the increasing use of intramedullary nails.
Materials and Methods
Patients diagnosed with intertrochanteric hip fractures were identified from the 5% nationwide sample of the Medicare administrative claims data between 1998 and 2007 using the corresponding International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM), codes 820.21 and 820.31. The Medicare database was used previously to conduct longitudinal studies of revision risk and complication risk after total joint arthroplasty. 26, 27 Patients who underwent internal fixation with intramedullary nail or plate fixation procedures were followed longitudinally for up to 1 year postoperatively. Current Procedural Terminology, 4th edition, codes 27244 and 27245 were used to identify plate fixation and intramedullary nail fixation, respectively.
Patients who had complications and those who died were identified with relevant diagnosis and procedure codes ( Table 1) . Complications included deep venous thrombosis, infection, mechanical complications, malunion/nonunion, neurologic complications, pulmonary embolism, cardiac complications, conversion to hip replacement, and reoperation with subsequent internal fixation. Each beneficiary's enrollment status and date of death were identified in the annual Medicare denominator files and were used to determine mortality. The cumulative incidence of these complications was evaluated for up to 90 days postoperatively, except for malunion/nonunion, conversion to hip replacement, and reoperation with subsequent internal fixation, which were assessed for up to 1 year postoperatively. Multivariate adjusted Cox regression analysis was used to evaluate risk factors for complications after intramedullary nail or plate fixation. Risk factors included age, sex, race, comorbidity, year of procedure, socioeconomic status, and site of service (inpatient vs outpatient). The health status of each patient was determined with the Charlson comorbidity index and categorized according to the overall degree of comorbidity as follows: 0 (none), 1 to 2 (low), 3 to 4 (moderate), and 5 or greater (high). Patient Medicare buy-in status was used as a proxy for socioeconomic status because it identified patients whose Medicare premiums and deductibles were subsidized by the state because of low income. Complication rates between the various treatment modalities were also compared after adjustment for the various risk factors with multivariate Cox regression. Subgroup analysis was also performed to compare the relative complication risk for intramedullary nail and plate fixation using the most recent 2 years (2006-2007) of Medicare data.
results
The authors identified 9157 intramedullary nail procedures and 27,687 plate fixation procedures from the 5% Medicare database between 1998 and 2007. The 5% database also showed a decline in intertrochanteric hip fractures treated with intramedullary nail or plate fixation, from 4050 in 1998 to 3453 in 2007 (Figure) . During this period, the proportion of intertrochanteric hip fractures treated with intramedullary nail fixation increased from 3.3% to 63.1% vs plate fixation.
Based on data from 1998 to 2007, patients treated with an intramedullary nail had a higher adjusted risk of pulmonary embolism at up to 90 days (39%; P=.003) and mortality at up to 1 year (9%; P<.001) compared with those treated with plate fixation ( Table 2) . However, patients treated with an intramedullary nail had a 22% lower adjusted risk of conversion to hip replacement at up to 1 year (P=.054). Based on subgroup analysis of 4074 patients treated with an intramedullary nail Table 3) . Risk factors for complications and mortality varied depending on the outcome and the type of procedure. Generally, age, comorbidities, and sex were risk factors for a number of complications in both patients treated with an intramedullary nail and those treated with plate fixation ( Tables 4-5 ). For example, in both the intramedullary nail group and the plate fixation group, elderly patients, those with comorbidities, and men were at higher risk for mortality at 1 year (P<.001 for each of these 3 factors).
discussion
In 2008, the use of an intramedullary nail surpassed plate fixation as the most 
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common procedure for fixation of intertrochanteric fractures. 14 This information was surprising. There was insufficient evidence to support such a shift because complication rates and the risk of reoperation were higher with intramedullary nails. 14, 16 Many studies compared the use of an intramedullary nail with a sliding compression hip screw and plate for the treatment of intertrochanteric fractures. Factors that were compared included biomechanics, design, relative use, complication rates, and functional outcomes. 3, 14, 19, 24, [28] [29] [30] [31] [32] [33] [34] In spite of the resources devoted to this investigation, the conflicting results from these reports prevented a consensus on the superior surgical technique. This study compared the use of a cephalomedullary nail vs compression plate fixation in patients with intertrochanteric hip fracture to determine whether the biomechanically stronger and less invasive intramedullary nail would yield superior results and lead to decreased morbidity and mortality compared with the use of a sliding hip screw and plate, based on the large Medicare database.
Based on the 1-year follow-up of Medicare patients in this study, the authors did not accept the hypothesis that intramedullary nailing would yield superior outcomes compared with plate fixation. The intramedullary nail technique was associated with an increased incidence of pulmonary embolism (P=.003) and death (P<.001) at 1 month and 1 year, respectively, according to the data from 1998 to 2007. However, the adjusted risk of conversion to hip replacement was 22% lower overall in the intramedullary nail group (P=.054).
Subgroup analysis for 2006 to 2007 yielded different results compared with overall outcomes. The incidence of pulmonary embolism and death at 1 month and 1 year, respectively, were similar (P=.30 and P=.43, respectively), and intramedullary nailing was associated with a lower adjusted risk of conversion to hip replacement (P=.037). The differences between the data for 1998 to 2007 and the subgroup data for 2006 to 2007 could be the result of selection bias. The more difficult peritrochanteric fractures, including those with trochanteric comminution, may be reserved for treatment with a sliding hip screw and therefore may be associated with higher rates of failure. Another explanation is that surgeons' experience with intramedullary nails has significantly improved, leading to improved results compared with their initial application.
14 Recent studies evaluated the costeffectiveness of various treatment options for intertrochanteric hip fractures. Depending on the type of fracture, the use of intramedullary nails may still be cost-effective. For example, Swart et al 25 constructed a decision analysis model and found that intramedullary nail fixation was more cost-effective for reverse oblique fractures (AO type A3). However, sliding hip screw fixation was likely more cost-effective for stable intertrochanteric fractures (AO type A1) or those with questionable stability (AO type A2). Other authors proposed that specific implants are used for particular patterns of fracture to help to reduce costs associated with intertrochanteric fractures while maintaining the quality of care with fewer complications and readmissions. 35 
Limitations
This study had several limitations. The patients were treated at multiple centers throughout the United States, allowing 
e803
for confounding factors, such as regional bias toward a particular method and differences in postoperative management. 8 In addition, this study did not control for the heterogeneous population of surgeons, including their individual experience with different techniques. The criteria used to select a particular surgical technique were not identified or considered in the data analysis. In addition, no radiographic or clinical data were available, including patients' mental status, ambulatory ability, and family support system. Even with these limitations, the results showed that, despite an overall decrease in the incidence of intertrochanteric hip fracture fixation, the intramedullary nail is being used significantly more than compression hip screw and plate fixation, without a significant clinical benefit. In addition, the initial differences in complications between the use of an intramedullary nail and plate fixation have become more equal. A multicenter randomized prospective trial comparing these 2 surgical interventions is needed to further distinguish between the true benefits and costeffectiveness of these 2 techniques. The significant increase in the use of intramedullary nails for intertrochanteric hip fractures appears to be multifactorial. Less invasive or closed surgical techniques are sometimes equated with improved outcomes and fewer complications, although these were not found in this study. Given the limited health care resources available, a more cost-effective approach may be needed to treat intertrochanteric hip fractures with a specific implant based on the fracture pattern.
conclusion
Hip fractures have long been associated with significant morbidity and mortality, regardless of the surgical mode of treatment, with 1-year mortality rates of 13% to 32.5% reported. 15, [20] [21] [22] 34, 36 Mortality rates in patients treated with an intramedullary nail and ORIF with plate fixation were more than 27%. The increased age and the extent of comorbidities in patients with hip fractures contributed to the overall complications, but clinical efforts must be improved to decrease the incidence of pulmonary embolism and the overall mortality rate in this population.
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